In methanol-water solutions of HCl at -78°, the octahydro-
It is well established that the first step of the reaction of theoctahydrotriborateion, B3HS ' with an acid such as hydrogen I-S chloride is the formation of B3H7 and H 2 .
Free B3H7 has never been isolated; generally it reacts with any Lewis base present in ·'the reaction system to form an adduct B3H7L. For example, a solution of hydrogen chloride in acetonitrile reacts with B3HS
as follows,S presumably The corresponding reaction in water has never been observedAbecause -of rapid hydrolysis of the initially-formed B3H70H2" It has been reported that the rate of hydrolysis of B3Ha in aqueous solution is comparable to, or slightly lower than, that of the BH4 . 6
10n.
Because of previous success in studying the successive steps in the hydrolysis of the BH4 ion at low temperatu~es in aqueous a M Hel and in acidic water/alcohol solutions,7-9 we decided to apply similar techniques in this study of the hydrolysis of B 3 H a -. vessel to -78° in a dry-ice bath, the system (which included a manometer) was evacuated and then closed off. The reaction was started by breaking the fragile bulb, and the pressure-was measured as a function of time. In the case of the relatively fast reactions, the reaction was followed to completion and the total evolved hydrogen was measured by Toepler-pumping it through a liquid nitrogen-cooled trap into a gas buret. In some runs, after hydrogen evolution had ceased at -78°, the -78° bath was replaced with a-45° chlorobenzene slush and the further evolution of hydrogen was followed manometrically.
B 3 H 7 0H-. -A fragile bulb containing I romol of KB3H8 in 2 ml of 88% methanol/12% water was lowered into a reaction vessel 12 containing3ml of the same solvent, 2 M in HC1. The vessel was cooled to -78° and then evacuated. The fragile bulb was broken;
.; the reaction was alloweed to proceed for 30 hours, and then 35 ml of 0.5 M NaOH (in 88% methanol/12% water), cooled to -78°, was added. For the reactions designed to determine whether hydrogen Table I indicate that one mole of hydrogen is formed per mole of B3Ha. We assume that, in the reaction, a proton abstracts a hydride ion from the B3Ha ion to form B3H7' which then exists in the methanol-water solution as a solvate analogous to the weIl-
For simplicity, we represen~ the solvated B3H7 as a hydrate, although it is probably in equilibrium with a considerable amount of methanolate.
(1)
We studied the rate of reaction 1 at various hydrogen ion However, we found the rate of reaction under these conditions to be too fast to measure accurately; the half-life was approximately two minutes in 3 M HCl and less than one minute in 4 M HCl. We suspect that this disproportionate increase in reaction rate in the more concentrated HCl solutions is due to extreme nonideality -5-of the solutions, i.e. to a nonlinear relation between the activity and the concentration of the hydrogen ion.
When B3H70H2 solutions were warmed to -45°, complete hydrolysis to boric acid was observed:
We studied the rate of reaction 3 at -45° as a function of hydrogen + . . 
However, attempts to fit the data to this rate law were only qualitatively successful. Indeed, attempts to rationalize the rate data in the more concentrated acid solutions are probably not justifiable in the absence of quantitative information regarding the effective hydrogen ion activity in these solutions. Probably the most we can now say is that, on going to high HCl concentrations in 88% methanol/12% water, the hydrolysis of B3H70H2 accelerates (acid catalysis) and probably becomes greater than first order in
The lIB nmrspectrum of a solution of B3H70H2 at ~78° consists of a very broad peak (26 ppm upfield of external methyl bora~e)
which becomes narrower at -45°. The peak is asymmetric, with a shoulder on the high field side, as in the spectra reported for 13 B3H70(C2H5)2 and B3H7·THF.
Thus the spectrum is consistent with a structure for B3H70H2 in which there are two different types of boron atoms, in a 2:1 ratio.
Alkaline Solutions. Because BH30H2 can be deprotonated by strong base to form BH30H-, we assume that B3H70H2 could likewise be deprotonated to form B3H7oH-. We added excess base to·a solution containing B3H70H2 at -78° and observed no· hydrogen evolution due to hydrolysis even when the solution was warmed to room temperature. This behavior suggests that the B3H70H2 reacted to form a new species, because even at -45° B3H70H2 undergoes hydrolysis. The boron-II nmr spectrum of the initially. formed alkaline solution at-78° showed two broad peaks with an intensity ratio of 1:2 centered -10.1 ppm downfield and -39.2 ppm upfield, -7-respectively, from a weak peak due to a trace of borate present.
The spectrum remained unchanged up to -65°, and a spectrum recorded at -65 0 is shown in Figure 4 . Under high resolution, the borate signal was found to be split into two or more peaks that we attribute to the hydroxymethoxyborate species,B(OH)4-n{OCH 3 )n-'
that are expected to exist in methanol/water solutions of borate.
As confirmation of this interpretation of the splitting, we ,observed that the spectrum of an alkaline aqueous solution of.
borate consists of one sharp peak and that; upon addition of methanol to the solution, the signal is split.
Presumably the hydroxyl group is attached to only one of the three boron atoms of B3H7'. Hence the two broad peaks at -10.1·
and +39. 1n t e B spectra of t e analogous species, B3H7NCCH3 and B3H70CHN{CH3)2i however, in contrast to our observations for B3H70H , they found that the weaker peaks were upfield from the stronger peaks. This difference between B 3 H 7 oH-.and the neutral ..
-8-B3H7 adducts is probably related in cause to the fact that the lIB signal of the hydroxyborohydride ion is at lower field tl th t f . b . 9, 16 Ian a 0 amlne orane.
When solutions containing B 3 H 7 0H-were warmed above -65°, it was apparent from changes in the nmr spectra that the B3H70H decomposed to give borate and borohydride. Figure 6 shows a series of spectra recorded approximately two minutes, one-half hour, two hours, and three hours after warming the sample to -28°.
It can be seen that, as the signals due to B 3 H 7 0H-disappeared, the signal at 0 ppm due to B(OH)4_x(OCH 3 )x and the quintet at 45 ppm due to borohydride grew in. A study of the kinetics of the hydrolysis of B3HS in alkaline solutions would be very interesting.
It is tempting to speculate on the mechanism of the decompos- . . .
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